In the field of bone tissue engineering, there is a need for materials that mimic the native bone extracellular matrix (ECM). This need is met through the creation of biphasic composites intended to mimic both the organic and inorganic facets of the native bone ECM. However, few studies have created composites with organic ECM analogous components capable of directing cellular behaviors and many are not fabricated in the nanoscale. Furthermore, few attempts have been made at investigating how variations of organic and inorganic components affect the osteogenic differentiation of human mesenchymal stem cells (hMSCs). To address these issues, biphasic nanomatrix composites consisting of hydroxyapatite nanoparticles (HANPs) embedded within peptide amphiphile (PA) nanofibers tailored with the RGDS cellular adhesion motif (PA-RGDS) were created at various HANP to PA-RGDS ratios. Fabrication of these biphasic nanomatrix composites was confirmed via scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The long-term cellularity and osteogenic differentiation of hMSCs in response to the different compositional ratios were then assessed by quantifying the timed expression of genes indicative of osteogenic differentiation, alkaline phosphatase activity, and DNA content over time. Decreased cellularity and the expression of genes over time correlated with increasing compositional ratios between HANP and PA-RGDS. The highest HANP to PA-RGDS ratio (66% HANP) exhibited the greatest improvement to the osteogenic differentiation of hMSCs. Overall, these results demonstrate that the compositional ratio of biphasic nanomatrix composites plays an important role in influencing the osteogenic differentiation of hMSCs. Based on the observations presented within this study, these biphasic nanomatrix composites show promise for future usage in bone tissue engineering applications.
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Introduction
Research for the development of biomaterials for orthopedic applications has rapidly shifted to consider a tissue engineering approach that focuses on mimicking the native bone extracellular matrix (ECM) as opposed to biomaterials designed for the sole purpose of providing a load-bearing replacement. This biomimetic approach involves the usage of materials capable of re-creating the native ECM microenvironment, which achieves its hierarchal construction through bottom-up self-assembly at the nanoscale level. The aim of this strategy is expedient regeneration and replacement of the scaffold with native bone tissue. By dispersing hydroxyapatite nanoparticles (HANPs) within a functionalized peptide amphiphile (PA) nanofiber matrix, we were able to successfully create a biphasic nanomatrix composite endowed with bioactivity derived from both the organic and inorganic facets of the native bone ECM. Supporting native osteogenic cells, the native bone ECM is a biphasic nanomatrix comprised of organic and inorganic components [1,2] where organic collagen nanofibers are mineralized with reinforcing HANPs [3] .
The organic ECM of bone, representing $20% of the native bone ECM by weight [2] , is a network of proteins that directly regulates cellular behaviors through integrin-mediated binding mechanisms [4] . PAs were designed to elicit the cell-ECM interactions normally provided by an organic ECM. PAs are bipolar molecules consisting of a hydrophilic peptide group attached to a hydrophobic alkyl tail [5] [6] [7] , self-assembling into cylindrical nanofibers $8-10 nm in diameter under proper chemical conditions. The PA-driven material is versatile as the self-assembled nanofibers can form three-dimensional hydrogels through the addition of divalent ions, or twodimensional multi-stacked layers through a solvent evaporation method [7] [8] [9] [10] . These PAs have been modified through the incorporation of cellular adhesive ligand sequences isolated from common ECM proteins and peptide groups responsive to enzyme-mediated degradation, providing microenvironments that capture the
